The oxidation behaviour of Be in air was studied as a function of temperature. Below 660°C oxidation is limited by diffusion of Be through the growing BeO layer and closed oxide layers up to 100 nm thickness are formed. Above 660°C a rapid increase in the oxidation rate sets in.
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Oxidation of beryllium and exposure of beryllium oxide to deuterium plasmas in PISCES B 
Abstract:
The oxidation behaviour of Be in air was studied as a function of temperature. Below 660°C oxidation is limited by diffusion of Be through the growing BeO layer and closed oxide layers up to 100 nm thickness are formed. Above 660°C a rapid increase in the oxidation rate sets in.
Secondary electron micrographs show that this fast oxidation goes along with massive structural changes of the surfaces.
Oxidized samples were exposed on the witness-manipulator of PISCES-B to deuterium atoms reflected from a plasma-exposed W target. The energy of the reflected D was varied by changing the bias voltage on the W target (floating, -50 V and -100 V). The BeO temperature during exposure was varied between 20 and 250°C. The erosion of the exposed surfaces and the uptake of D were investigated by ion beam analysis. The retained amount of D increases with increasing bias voltage and decreasing exposure temperature. At room temperature saturation of the D concentration at about 12 at% in a surface layer correlated to the maximum particle range is observed. At temperatures above 100°C the concentration level decreases strongly, but retention spreads over the total oxide thickness.
Introduction:
In ITER the first wall in the main plasma chamber will be covered 
Experimental:
Three types of Be samples were used for oxidation studies: machined 25 mm diameter discs of S-65C Be supplied by Brush Wellman, 4 m Be coatings on polished Al samples, and 10 mm diameter mirror-like polished Be samples from Goodfellow.
Oxidation was investigated in air in the temperature range between 100 and 700°C. For the oxidation the chamber for thermal desorption spectroscopy (TDS) within the PISCES B enclosure was used [ 14 ] . The quartz-tube in the oven was open to air, the oven temperature set and monitored by a thermal couple. The temperature was ramped up within few minutes to the desired temperature and held for a standard time of 6 hrs. For the rough Be samples and the Be coatings the analysis was done by monitoring the weight increase after oxidation and by AUGER depth profiling using the AES system Phi 590 (Physical Electronics). Sputter profiling was done using a keV Ar beam and the oxide layer was defined from the transition from BeO to pure Be. The etching depth was calibrated with a standard 100nm SiO 2 layer. The highly polished samples were used for ion beam depth profiling which yields also details of the composition of the oxide layer. RBS depth profiling was done at the Tandem accelerator at IPP Garching using 800 keV 4 He resulting in a depth resolution of 7 nm [ 15 ] . The as-received Be sheet and as-coated Be sample both showed a BeO layer of 4-5 nm while the highly polished and out-gassed Be samples had a surface coverage of 3x10 16 O-atoms/cm 2 , equivalent to less than 4 nm of stoichiometric BeO.
The implantation of the oxidised samples was done in PISCES B. The samples were not in direct plasma contact but mounted on the witness probe manipulator directed under 45° towards a plasma-exposed W target and exposed to reflected D atoms [ 16 ] . The samples are shielded against direct ion impact from the plasma while the mean free path of reflected neutrals was long enough to ensure that most reflected neutral particles reached the sample.
The solid angle of the holder cap (with a diameter of 38 mm) was determined from geometry to 1/1061, the typical exposure time was 4000s. The D-flux to the W target was set to 2x10 The D content in the samples and its depth distribution was analysed by nuclear reaction analysis (NRA) using 800 keV 3 He [ 21 ] . The total amount was obtained from the produced protons while the depth distribution was evaluated using SIMNRA [ 22 ] from the emitted 4 He ions at 78 deg to the surface normal. The depth resolution for D near the surface is ~40 nm.
Results:
Oxidation: 
D uptake in Be-oxide:
The uptake of D atoms reflected from the plasma bombarded W target in the BeO layer was measured from the protons emitted in the NRA and is shown in Fig. 4 . The total retention at constant fluence increases monotonically with the energy of reflected D atoms. The data points below 200 eV in Fig. 4 were obtained in the present investigation, while the insert shows the agreement with data at higher ion energy [ 13 , 23 ]. The blue curve shows the calculated maximum range of the atoms into the oxide in units of (Be+O) atoms/m 2 multiplied with a D saturation concentration of 12 at% within this range as was directly measured after ion implantation at 5keV [13] . Fig. 5 shows that the total D retention remains constant within the error bars up to temperatures of 100°C and decreases by roughly a factor of 2 at 250°C.
At the low energies the D concentration reached at saturation at room temperature cannot, however, be determined directly from NRA depth profiling, as the depth resolution is larger than the ion ranges. Fig. 6 shows a sequence of depth profiles of Be, O and D in the sample after loading with D at a bias of -100 V. For the case of exposure at room temperature a D profile is shown that corresponds to saturation within the maximum particle range. However, an equally good fit could be obtained for a broader profile within the indicated resolution. At elevated temperatures the depth profile clearly extends to a thickness where it can be resolved.
The associated saturation levels decrease to 1 at% at 100°C and below 0.5 at% at 250°C. At these temperatures the D retention becomes uniform throughout the oxide layer. Such a behavior has been postulated already earlier from higher energy implantation data [13] .
Erosion:
Within the sensitivity of RBS used for the oxide layer analysis erosion could only be determined at the highest particle energies, i.e. at a bias voltage of -100 eV yielding an energy distribution as shown in Fig. 1 25 ]. This corresponds well to the estimation of 30 to 50 eV for the energy range of the majority of the reflected D atoms from the W target (Fig. 1 ).
Despite this considerable erosion at room temperature the composition of the oxide did not deviate from the stoichiometric BeO composition formed after oxidation (Fig. 6) for any of the applied particle energies. However, at temperatures of 100°C and 250°C, a preferential loss of O is found near the surface resulting for 100°C in a concentration of 43 at% O and 57 at% Be (Fig. 6 ). This cannot be a physical sputtering effect, as due to kinematic energy transfer rather a 
Conclusions:
On untreated, as received Be surfaces, a thin oxide layer of the order of 4nm prevents further oxidation. The formation of thick oxide layers is limited by thermal diffusion of Be 6 atoms to the surface where the arriving Be atoms are oxidised. As the oxide layer grows the oxidation rate decreases at constant temperature with the square root of oxide thickness. An analytic description of this process [10] is confirmed for air exposure up to 660°C.
At 660°C a 100 nm thick stoichiometric BeO oxide is formed within 6 hrs exposure to air.
At higher temperatures the oxide film breaks into clods and rapid further oxidation becomes possible, most probably at the interface between oxide and Be substrate, no longer limited by diffusion through the layer. This transition determines the critical temperature for rapid oxidation of large dust particles under steam ingress, leading to hydrogen formation, to be about 660°C, being a safety concern in ITER.
Exposure of the oxide layer to low energy D particle fluxes at room temperature leads to no change of the BeO stoichiometry, while at 100°C and above, a small preferential release of oxygen upon exposure of the BeO layer to energetic D atoms is seen. At room temperature the retention of D in the layer shows a dependence on particle energy indicating a correlation of the retained amount of D with the maximum particle range. At the low particle energies the maximum particle range can exceed the mean particle range by factors of 3 and more. Using the maximum range, a saturation in lattice concentration of about 12 at% is deduced. While this saturation concentration could be directly measured only at ion energies in the keV range [13, 23] this dependence even holds down to few eV, where the actual depth distribution of D is much shorter than the resolution of NRA.
At elevated temperatures above 100°C, the depth distribution broadens and D is retained at lower saturation concentrations, but throughout the total oxide layer. In this case the retained D will be proportional to the oxide thickness and can even exceed the values at room temperature. 
